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Non-technical summary
The multilateral fiscal surveillance system in Europe is based on a recurrent evaluation of short-to medium term budgetary plans of European Union (EU) member states. The bases for the evaluation of budgetary plans are the Stability and Convergence Programmes, submitted annually (by the end of each year) by EU member states to the European Commission (EC) and the Council of the EU. Once a year, thus, EU institutions analyse in depth the compliance of member states' plans with the EU fiscal policy framework. The whole EU multilateral surveillance set-up is based on the evaluation of annual ESA95 fiscal data and targets. Intrayear updates of fiscal plans laid out in Stability and Convergence Programmes occur in Spring and Autumn of each year.
The use of intra-annual fiscal information to monitor and forecast fiscal targets in the shortrun is warranted in the EU fiscal policy framework. A relevant source of intra-year fiscal information can be found in governments' public accounts. Monthly and quarterly cash data of the central government sector and other sub-sectors of the general government are published regularly and timely, with a wide coverage of revenue and expenditure categories.
Their use tends to be controversial in the policy arena given concerns about coverage (usually referred to central government) and statistical definitions. Nevertheless, from the econometric point of view, a recent strand of the literature finds evidence in support of the usefulness of cash deficit figures. The current paper has to be seen as a contribution to this literature.
On the data coverage side we move this literature beyond fiscal deficit series. First we provide in-sample quantitative information for the link between a wide, disaggregated set of cash indicators (up to 50 revenue and expenditure items, for 10 euro area countries) and annual ESA95 fiscal variables. Second, we present an out-of-sample exercise for a subset of variables (total revenue and total expenditure for 8 euro area countries).
On the methodological side, first we estimate Error Correction Models for the in-sample exercise. Second, for the out-of-sample exercise, in contrast with a standard bridge equations approach we shape and estimate a mixed-frequency state-space model to integrate readily available monthly cash data with annual general government series. By doing so, we are able to maintain the focus on forecasting and monitoring annual outcomes, while making use of infra-annual fiscal information, available within the current year.
The paper makes a strong point for the use of monthly cash indicators for multilateral fiscal surveillance at the European level.
Introduction
The multilateral fiscal surveillance system in Europe is based on a recurrent evaluation of short-to medium term budgetary plans of European Union (EU) member states. The bases for the evaluation of budgetary plans are the Stability and Convergence Programmes, submitted annually (by the end of each year) by EU member states to the European Commission (EC) and the Council of the EU. Once a year, thus, EU institutions analyse in depth the compliance of member states' plans with the EU fiscal policy framework.
The whole EU multilateral fiscal surveillance system is based on the evaluation of annual ESA95 general government budget data and targets. Intra-year updates of fiscal plans laid out in Stability and Convergence Programmes occur in Spring and Autumn of each year, when
Member states report to the EC updated fiscal figures for the previous year, and updated fiscal targets for the current year (Spring notification) or a year ahead (Autumn notification). On many occasions there have been sizeable revisions to annual fiscal figures compared to initial estimates in many recent historical episodes (see Gordo and Nogueira Martins, 2007, Bier, Mink and Rodriguez Vives, 2003) . For international organizations and market participants it is sometimes difficult to challenge ex-ante member states preliminary estimates of annual figures for the current year, given the lack of available statistical information at the time these preliminary estimates are released. 1 Even with these serious limitations, the existing intra-annual fiscal information has no formal role in the multilateral surveillance process of the EU. One source of intra-annual information that could be potentially integrated in the EU multilateral fiscal surveillance process can be found in governments' cash-based Public Accounts. Monthly and quarterly cash data of the central government sector and to a lesser degree of other sub-sectors of the general government are published regularly and timely, with a wide coverage of revenue and expenditure categories. Their use tends to be controversial in the policy arena given concerns about coverage (usually restricted to central government) and statistical definitions. 2 Pérez For an analysis of a review of issues on fiscal forecasting in Europe see Leal et al. (2007) . 2 Mainly the fact that they tend to follow cash principles instead of the accrual principle in national accounts, but also the fact that for some countries and variables the definitions, coverage and compilation rules have changed over time.
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May 2008 studies by Kinnunen (1999) for Finland, and Silvestrini, Moulin, Salto, and Veredas (2007) ,
for France. 3 The current paper has to be seen as a continuation of Pérez (2007) insofar as it uses intraannual data taken from the cash accounts of the governments to develop early warning tools for the evolution of annual ESA95 figures for the General Government sector. Our study makes important progress in two fronts.
On the data coverage side we move beyond fiscal deficit series. First, we provide in-sample quantitative information for the link between a wide, disaggregated set of cash-based fiscal indicators and annual ESA95 fiscal variables. We cover up to 50 revenue and expenditure items, for Belgium, Germany, Spain, France, Greece, Italy, the Netherlands, Austria, Portugal and Finland. 4 Second, we present an out-of-sample exercise for a subset of variables (total revenue and total expenditure for 8 euro area countries).
On the methodological side, first we estimate Error Correction Models for the in-sample exercise. Second, for the out-of-sample exercise, in contrast with the bridge equations approach in Pérez (2007) we shape and estimate a mixed-frequency state-space model to integrate readily available monthly cash data with annual general government series. By doing so, we are able to maintain the focus on forecasting and monitoring annual outcomes, while making use of infra-annual fiscal information, available within the current year. 5 The paper makes a strong point for the use of monthly cash indicators for multilateral fiscal surveillance at the European level.
The paper is organized as follows. Section 2 describes the data used. Section 3 provides the in-sample quantitative evidence for the broad set of fiscal variables. Section 4 describes the 3 The literature on revenue forecasting using monthly and quarterly central government data is quite developed for the US, and to a lesser extent for the UK. The empirical works for the US tend to focus on forecasting tax revenues for the individual States, given the need to achieve an end-of-year balanced budget (as, for example, Fullerton, 1989 or Lawrence, Anandarajan and Kleinman, 1998) . Public
Accounts budgetary figures could also be used as a companion to the available quarterly ESA95-based
Eurostat series (in this respect see Pedregal and Pérez, 2007, and EC, 2007) . 4 On purpose, the number of analysed variables in this part is not uniform across countries. The rule for inclusion of a variable has been its availability in the public domain. All variables included in our analysis could have been found by an anonymous EU citizen not having access to private databases but only to the Internet, and having enough patience to build up a database by such means. 5 The methodology can be easily implemented for short-term monitoring of public finances in realtime. A companion MATLAB program is available from the authors upon request.
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mixed-frequencies modelling approach followed in the paper. Section 5 provides out-ofsample quantitative evidence based on the estimated models. Section 6 concludes.
Data description
This paper uses two different sets of government finance statistics, as the so-called Public Accounts (cash-based) are used as an early indicator of the corresponding National Accounts (ESA95) series (accruals basis). Two considerations emerge. On the one hand, the Public Accounts have to be used with care, as the accounting procedures, the methods of compilation of data, timing of recording of transactions, as well as the coverage of budgets differ from country to country and over time. On the other hand, Public Accounts are more timely available and at higher frequencies (normally monthly), therefore they may constitute a valid early indicator of the National Accounts (ESA95) series. For a deep analysis of the detailed accounting rules and conventions involved in the compilation of the Net Borrowing/Net
Lending of the General Government, and the differences between National Accounts and Public Accounts, the interested reader may consult Eurostat (2002) for National Accountsrelated matters, and http://dsbb.imf.org for Public Accounts specific features.
Throughout the paper we will refer to the series selected from the Public Accounts as
indicators. The database of Public Accounts has been assembled through an extensive search on the Internet, limiting ourselves to publicly available data. Public Accounts data are typically disseminated through the monthly publications of the General Accounting Offices, National Statistical Institutes, Ministries of Finance and National Central Banks of the respective countries. In many cases it has been necessary to construct the time series by retrieving the data month by month from the latest publications. To update latest developments, the latest monthly figure and the previous one are also published on the The definitions and sources of Public Accounts series used in this paper are displayed in Table 1 .
[ 1970, and 1976-1993; in Austria the fourth quarter of 1985 and 1986) or the presence of sizable outliers (in 1986, 1987 and 1994 in the Netherlands; Ireland July and December 1999). The impact of one-off proceeds relative to the allocation of mobile licenses (UMTS) was removed from the ESA95 series and, accordingly, some adjustments were also implemented in the quarterly indicators to guarantee consistency. Some discontinuities/breaks in the cash series had to be corrected using the program TRAMO/SEATS of Gómez and Maravall (1996) . Some examples are 7 National currency data for all years prior to the switch of the country to the euro have been converted using the fixed euro conversion rate in order to provide comparable series across time for each country. A first look at the charts seems to provide some evidence that in most cases a long-run relationship between the cash indicator and the ESA95 variable exist. As regards deficit series as a percentage of GDP it is apparent from the charts that there is a strong medium-term relationship, coupled with short-term deviations that tend to be corrected when new observations are incorporated. The information regarding total revenue and total expenditure series is displayed in a different format given the clear non-stationary behaviour of the series:
10
we chose to show changes in the total revenue and total expenditure ratios to GDP. From the second and third columns of Figure 1 two features can be highlighted: first, for many countries there is a strong co-movement between the changes in the revenue/expenditure ratio measured in ESA95 terms and the changes of the revenue/expenditure ratio measures in cash terms; second, positive/negative changes in the revenue/expenditure ratio measured in ESA95 terms tend to be accompanied by positive/negative changes of the revenue/expenditure ratio measures in cash terms.
In-sample quantitative evidence
A first piece of quantitative evidence validating the two features underlined in the previous paragraph (long-run relationship, short-run co movement) can be provided by econometric models, using as a predetermined variable the indicator, and as endogenous variable the General Government deficit. Note that an indicator series can be deemed as predetermined in that it is updated monthly, and thus its annual value is known in advance of the General Government variable. A suitable set of econometric models designed to capture both shortand long-run relationships are the Error Correction Models (ECM henceforth, see Engle and Granger, 1987) .
[ In a preliminary stage, following the usual methodology, tests on the order of integration of the series were performed, showing that in the great majority of cases the null hypothesis of a unit root in the series could not be rejected at conventional test sizes (Table 2) .
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May 2008 Second, we test the existence of a long-run relationship between the indicator and the National Accounts. In addition, the percentage of correctly predicted changes (in sample) is included (denoted as Third, the validity for the proposed indicator variables to be useful (leading) indicators of the national accounts series is also related to the presence of a stable medium-term relationship between both sets of variables. The coefficient α 3 shows that the national accounts series for the deficit and the indicators are related, in most cases with a coefficient close to unity. 11 The coefficient α 3 departs from unity but remains significant for most of the other variables.
Furthermore, a constant in the error correction vector appears to be often significant for revenue and expenditure, and never for the deficit. Our interpretation of these findings is that the mean discrepancies between the general government ESA95 data and the cash data on central governments as a percent of GDP cancel out when expenditure and revenues are subtracted from each other; in other words, most of the deficit is due to the central 11 The tests for the individual significance of α 3 can be affected in the cases in which the null hypothesis H 0 :α 2 =0 cannot be rejected. In this cases the results have to be taken with caution.
May 2008 governments, and the local levels show a roughly balanced budget. Greece and Portugal are the exceptions with values for the estimated coefficients α 3 in the deficit equations that depart from unity (1.51 and 0.45, respectively) and statistically significant.
Fourth, in all cases the error correction term has the expected negative sign, implying the existence of an adjustment of the deviations from the long-term relationship. There is one sole exception which is total expenditure for Spain where α 2 is 0.086, albeit not significant. The results in term of statistical significance are less clear-cut, with the coefficient α 2 being statistically insignificant only in about 40% of cases, the worst performing series being those for Germany, Spain and Greece, while for Netherlands and Portugal α 2 is significant in all cases. For the additional variables, Germany and Italy always show a significant value for α 2 , while for Spain this happens only in one case.
In summary, this section shows that: (i) the indicators and the corresponding ESA95 variables share long-term trends (cointegration); (ii) at the same time, there is valuable information in the short-term links between the indicators and the ESA95 variables that might be useful for short-term forecasting.
A State Space model
The purpose of this section is to develop a model that takes into account both sources of fiscal information simultaneously (i.e. annual ESA95 and monthly/quarterly Public Accounts) and that is at the same time consistent with the in-sample quantitative evidence and the Error Correction Models developed in the previous section.
Such a model may be built by assembling two different models: on the one hand the Error Correction Model at the annual frequency already discussed, and on the other hand some appropriate model for the intra-annual indicator variables. The system built in this way will allow for the generation of annual forecasts for the indicated fiscal variable as soon as any new observation about the intra-annual indicator variable becomes available. Without loss of generality the model will be specified at the quarterly frequency, as some indicators for some countries were only available at that frequency. When available, monthly information is transformed into the quarterly frequency by summation of the monthly information in the corresponding quarter.
Some technical problems have to be solved in order to set up such a system, mainly that the The general State Space system is in the form of (3), 
The Error Correction Model in state space form
Equation (1) may be re-written as equation (4) with
and eliminating the exogenous dummy variables (that will be added later on),
A level specification of equation (4) is given in (5),
Casting (5) in the general State Space form (3) results in system (6) as a particular case, in which the output vector is just a scalar time series and both state and observation equations are affected by the same noise,
Notice that (6) is just the state space representation of the ECM model (1). In order to incorporate the model for the quarterly data, system (6) has to be re-arranged for that sampling interval. One possible expression that is exactly equivalent is given in equation (7), but now the time index is measured in quarters and the endogenous variable is arranged in a way such that the ratio variable for the year is located at the fourth quarter of that year and missing values are used to fill in the previous three quarters. System (7) may be written in compact form as (8), where the particular expression for each system matrix is obvious. 
The model for the indicator variable
The quarterly indicator variable, defined according to equation (2) is modelled as a Basic Structural Model of Harvey (1989) , 13 which decomposes a time series into trend, seasonal and irregular component. This model is directly set up in State Space form and the expression is well-known. Equation (9) provides the system in compact form (see details in Harvey, 1989) . 
Joint model
Systems (8) and (9) are then the two models written in State Space form of both the indicated and indicator variables with the same sampling interval. The joint model is then built by substituting the observation equation of (9) The last term included in the observation equation allows for the introduction of dummy variables in the model in order to deal with outliers intervention in either of the output (annual) or the input (quarterly) variables. Table 7 shows some typical statistics of the innovations processes obtained from the estimation of model (11) for all the selected variables and countries. We show the statistics for the innovations corresponding to the ECM equation. Q(6) is the Ljung-Box pormanteau test of autocorrelation and Jarque-Bera is a normality test based on a Chi Squared distribution with two degrees of freedom. 14 There are only four cases of possible innovations autocorrelation suggested by high values of the Q(6) statistic. Normality cannot be rejected in any of the cases, judging by the Jarque-Bera test.
[ 
Forecasting performance exercise

Design of the forecast exercise
For the out-of-sample exercise we consider the exercise, common in international organisations, of forecasting the current year and one year ahead outcomes. The forecasting window 1994-2006 was selected to guarantee enough data points for the estimation of the shortest sample model (Spain, with a sample of quarterly data covering [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] . The current year forecasts are those produced using information up to quarter t of a given year T for the same year T. One year ahead forecasts are those produced using information up to quarter t of year T, for year T+1. The forecast errors incurred with forecasting method m would be:
14 All models are estimated with the MATLAB toolbox of Pedregal (2004) 
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Current year:
One year ahead:
The information set t T ,
Ω
at each point in time would encompass all annual and quarterly information available up to that point. We present the results for the whole set of forecasts (i.e. for all the years and quarters in the information set), and also for forecasts made with information up to the first and the second quarters of a given year T in order to get insights into two issues: (i) is the information available for the first half of the year informative enough as to the evolution of the whole year?; (ii) is there a gain in forecast accuracy when information for he second half of the year is included?
As regards the timing of the information included, our forecasting exercise aims at capturing the real-time information constraints faced by a forecaster by considering the following rules:
(i) the quarterly figure available in a given quarter j is the one corresponding to the previous observed quarter j-1, to reflect the fact that cash indicators are usually collected with a delay on 1-2 months; (ii) the annual figure for year t-1 is available in the second quarter of year t, following the Spring Excessive Deficit Procedure (EDP) Notification of fiscal data from EU Member States to Eurostat. 15 It is worth noticing that all the forecasts are produced for the ratios of fiscal variables to GDP, and therefore forecast errors will be a mixture of errors linked to fiscal variables (numerator) and GDP (denominator), but could also possibly profit from co-movements between numerators and denominators. This choice is dictated by the consolidated practice to assess the fiscal variables on the basis of their ratios to GDP.
Alternative methods
In order to check the performance of our proposed mixed-frequency model, we considered the following forecasting methods:
(i) Our mixed-frequency model (MIX hereafter) as defined in equation (11).
(ii) A standard bridge equation approach whereby, first, a univariate model is fitted to the quarterly figures (equation 9) and, second, an ECM in the vein of (7) (iii) An annual autoregressive model of order 1 (AR1 hereafter).
(iv) A naïve annual random walk forecast (ARW hereafter).
Out-of-sample forecasting performance measures
We illustrate the relative performance of our method compared to the alternatives by means of two standard measures of quantitative forecast performance: Root Mean Squared Errors (RMSE) and the Diebold-Mariano test (Diebold and Mariano, 1995) .
We compare the ratio of the RMSE of the different alternatives with respect to the ARW 
is the loss differential. Thus, the equal accuracy null hypothesis is equivalent to the null hypothesis that the population mean of the loss differential series is 0.
Regarding the loss function specification, we take the standard quadratic loss 
Discussion of the results
Tables 8 and 9 present the RMSE ratios for all countries. The reading of the ratios is the following. A ratio of unity or higher indicates that the MIX, 2ST and AR1 forecasts are as good or worse than the ARW forecasts, while a ratio below unity signals that the ARW is worse. Several salient features are worth mentioning: (i) the MIX and 2ST alternatives (methods with intra-annual update) outperform the annual ARW and AR1 alternatives; (ii) the MIX and 2ST alternatives behave quite similarly, although MIX presents somewhat better performance records; (iii) there seems to be an efficient use of the quarterly information, as the case in which all quarters are used always presents a better performance than the case in which only information for the first half of the year is used; (iv) at the same time, the forecasts for the whole current year with information up to the second quarter tend to present a reasonably accurate record; (v) one year ahead forecasts present a reasonable accuracy record in the case of MIX and 2ST compared to ARW and AR1.
[ TABLE 8, TABLE 9]   Tables 10, 11 and 12 show the results of the DM test. The number in each cell represents the loss differential of the method in its vertical column as compared to the method in the horizontal line, i.e. a negative value means that the loss associated to the method in the horizontal line is higher than that of the method in the vertical column. The results tend to confirm all the findings mentioned before: MIX and 2ST are better than ARW and AR1, there seems to be an efficient use of quarterly information, and the quarterly information pertaining to the first half of the year presents a reasonable accuracy record. In addition, current year MIX forecasts are not distinguishable from 2ST in most cases. Minor exceptions in which MIX dominates 2ST are (at the 5% significance level) the deficit in Netherlands and Austria, and total revenue in Belgium, Germany and Netherlands, while 2ST dominates in the cases of total revenue and total expenditure in Austria. With quite a few exceptions, one year ahead forecasts of MIX and 2ST are indistinguishable as well.
[ Finally, Table 13 compares the forecasts generated with each method (MIX, 2ST, AR1, ARW) of the deficit based on the deficit indicator and the deficit based on the difference between forecasted revenues and expenditures. Both the RMSE and the Diebold-Mariano test are presented. The information presented supports the fact that there is no gain in preparing disaggregated forecasts of revenues and expenditures if the final aim were to obtain a forecast of the government deficit as a ratio to GDP, but that the differences in accuracy are not too strong, and thus the researcher/practitioner would not loss too much accuracy if it were to follow the disaggregated approach.
When we consider the ratios of the RMSEs to ARW generated with both alternatives (disaggregated and direct forecast), in an overwhelming majority of the cases (18 out of 24 cases) the ratio is lower in the case of the direct forecast approach. In line with this result, most of the DM-losses presented in the last column of 
Conclusions
This paper makes a contribution to the recent literature analysing the usefulness of intra-year fiscal data for monitoring and forecasting annual ESA95 fiscal variables.
On the data coverage the contribution of our paper lies in moving the literature beyond fiscal deficit series, and use a wide set of public accounts (cash) indicators. For the in-sample predictive exercise up to a total of 50 revenue and expenditure items (comprising indicators for Belgium, Germany, Spain, France, Greece, Italy, Netherlands, Austria, Portugal and Finland) are used, while in the out-of-sample exercise we focus on government deficit, total revenue and total expenditure for 8 euro area countries (the previous list excluding Greece and Portugal). On the methodological side, our contribution consist of estimating mixedfrequency state-space models that integrate an error correction structure linking fiscal indicators to annual target variables together with structural time series models for the indicator variables. Thus, we are able to integrate in a joint model readily available monthly and quarterly cash data with annual general government series.
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We show in-sample and out-of-sample evidence supporting the view that intra-annual fiscal information contains valuable information for monitoring and forecasting annual fiscal
aggregates. In addition, we show that the estimated mixed-frequency state-space models tend to present a better forecast record than a 2-steps (bridge equation) approach. Nevertheless, the overall forecast performance of both approaches is quite similar. In this respect, the main advantage of the mixed-frequencies models presented in the paper, as compared to bridge equation alternatives, lies in the gains of efficiency derived from the joint estimation of the models, and the fact that we present a ready-to-use companion toolbox. Finally, we provide some evidence showing that models that directly forecast the government deficit tend to outperform disaggregated deficit forecasts whereby the deficit is computed as the difference between projected revenues and expenditures. Table 4 . Error correction models (I): baseline variables (as defined in Table 1 ).
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Estimated equation: 
, (y ESA95 annual fiscal variable, u annual fiscal variable in cash accounts both as a ratio to annual nominal GDP, ξ is a set of dummy variables).
Country Dependent Variable
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, (y ESA95 annual fiscal variable, u annual fiscal variable in cash accounts both as a ratio to annual nominal GDP, ξ is a set of dummy variables).
Country Dependent Variable
